Having suffered through exceptional drought in 2011-2012, 38% of Oklahoma's area remained in moderate to extreme drought in January 2013 with the expectation that it would continue (Svoboda, 2013). Beginning in April 2013, the Oklahoma City Water Utilities implemented irrigation restrictions in order to cope with low levels in Lake Hefner, one of Oklahoma City's major water supplies. Having taken only this non-price watering approach, the utility desired information on current and likely adoption of indoor and outdoor conservation methods. 
Introduction
Over 91% of the state of Oklahoma was classified as under exceptional drought as of May 20, 2014 (Mesonet, 2014 . When lake levels across Oklahoma City's water supply, drop below 50%, the city will implement mandatory 2 day per week watering restrictions (OKC, 2014) . In Oklahoma, summer is the time when demand for water is the highest, as it usually sees high temperatures which prompt residents to demand more water for maintaining turfgrass and landscape plants. Over the long term, Oklahoma City seeks to induce conservation, particularly in outdoor irrigation through education and economic incentives for devices such as smart irrigation soil sensors and timers, such that demand for scarce supplies and developing new water sources is dampened.
This research investigates the determinants of households' adoption of water conservation practices for indoor as well as outdoor uses. Using household level data, the physical and attitudinal factors that affect household's willingness to install water conserving fixtures or to change irrigation practices to adapt to drought tolerant turf needs were examined. This paper examines variables including the type of home, household size, gender, age, education, race, income, ethnicity, size of yard, and homeownership status in order to determine how they influence household's adoption of water conserving fixtures and appliances and /or changing irrigation practices to adapt to drought turf needs. We will also determine how consumer perceptions of the drought and current consumption affect adoption of water conservation programs. This paper uniquely combines survey data with more accurate assessors' data on market value and household characteristics and utility level information on consumption during drought.
Literature Review
A great deal of research has been devoted to the issue of water conservation practices either at the farm level or at the urban household level. Berk et al. (1993) concluded that adoption of water efficient devices is strongly correlated with higher education, higher income, having a yard, and being the owner of the home.
The evidence for income effects on water conservation is mixed. Renwick and Archibald (1998) in their investigation of household data from two communities in California found a positive correlation between household income and the number of indoor water-efficient fixtures such as low-flow shower heads and low-flow toilets. However, they stress that a higher income decreased the probability of using a water-efficient irrigation technology, i.e., the existence of automatic irrigation resulted in higher consumption. Worthington and Hoffman (2006) argued that income, through its correlation with education, may be reflective of water conservation measures taken by the household itself through the purchase of water-conserving appliances and planting of drought-tolerant garden vegetation. Mansur and Olmstead (2012) , using daily household consumption data that was separated into indoor and outdoor use in 11 urban areas in Canada and the United States, concluded that indoor consumption tends to be affected only by income and family size while outdoor use is price elastic during the wet season and price inelastic in the dry season. De Oliver (1999) found in San Antonio, TX (1995 TX ( -1997 that high income and high education are negatively correlated with conservation. To the contrary, Hausman (1979) concluded that the effect of income on adoption of energy-efficient equipment was unclear, he pointed out that richer households were less likely to adopt conservation attitudes since they value the savings less than poor households. Looking at income, Martinez-Espineira et al. (2004) argued based on a studied case of Seville (Spain) that:" although water is a normal good, income is not a determinant factor to explain water use, and the parameter associated with the share of supernumerary income allocated to water expenses is not always significant".
Age, education, and home ownership tend to increase the adoption of water conservation. Gilg and Barr (2006) , and Berk et al. (1993) found that households that are advanced in age were more likely to be informed about water-saving options. Being a home owner positively influences the adoption of water conservation practices, as home owners are more likely to anticipate long term benefits associated with a rational use of water than renters (Millock and Nauges 2010). In addition, being metered for all water uses and charged a volumetric charge on water consumption is likely to reduce consumption compared to flat rate policies, ie, any volume of use for one price (Millock and Nauges 2010, Renwick and Archibald 1998) . Oklahoma City Utilities charges a metered constant rate per volume of $2.65 per 1,000 gallon, a volumetric rate that is relatively low for the state.
Literature shows that inclining block rates encourage conservation if higher rates are set at an appropriate level and Oklahoma City may consider this option in the future (Adams et al.2009 ).
When looking at home age, Mansur and Olmstead (2012) concluded that old and new homes may use less water than "middle aged" homes. They argued that old homes may have smaller connections to water systems and fewer water-using appliances, such as dishwashers and hot tubs, than newer homes. Newer homes may have been constructed with waterconserving toilets and showerheads.
The innovation of this study lies on the fact that it investigates whether households adapt to increasing utility demands following drought given increased irrigation needs and their perceptions of drought and climate change. Understanding risk also requires an understanding of behavior to adapt, mitigate or prevent the potential behavior and impacts of climate change (Botzen and Van den Berg 2012; Longo et al. 2012 ).
Conceptual Framework and Hypothesis
We hypothesize that adoption of water conservation is affected by a series of factors such as education, income, gender, size of yard, home ownership status, resident's age, house age, the type of turfgrass, and the number of people in the house (Table 1) . We expect respondents with greater education, home ownership, older age, and females to be more likely to adopt water conservation practices. We expect older, more educated individuals to be more frugal, aware of possible conservation and more able to tackle installation of water conservation features. We expect the size of yard and age of the house to negatively affect adoption of water conservation. The intuition is houses with larger yard size would probably use more water for their lawn maintenance; as a consequence they would be less likely to adopt water saving behaviors. We expect the effect of household size to be negative as households with younger residents are more concerned with high quality lawns and have less income per resident to enact adoption. Finally, we expect attitudes toward drought to affect adoption. Residents who think that the probability of their area suffering a prolonged drought will tend to adopt water conservation practices as a result of their perception of drought and climate change. We also expect that greater indoor and outdoor consumption during the 2012 drought will affect likelihood of adoption. +,Residents who perceive an increase in the probability of drought will tend to adopt
Methodological Model
Adoption models are split into two categories in this paper, indoor and outdoor.
Because adoption of either technique is rare in Oklahoma, adoption in each of the two categories is bundled as adopting any or multiple technologies as adoption and none as nonadoption. Adoption of a specific water conservation practice was modeled with a binary variable which takes the value of 1 if the practice is adopted and 0 if it is not (Greene, 2000) .
Suppose that and respectively represent individual's utility of two choices, adoption and non-adoption of water conservation practice, which might be denoted as and . The observed choice between the two reveals which one provides the greater utility, but not the unobservable utilities. Hence, the observed indicator equals 1 if and 0 if , i.e., non-adoption. Linearized, this is as follows (Greene, 2000) :
Then, if we denote by 1 the individual's adoption of water conservation practice , we have (Greene, 2000) :
,
Logit Model
The logit model was used and the errors are assumed to follow a logistic cumulative distribution (Feder and Umali 1993) . Four separate estimations of the probability of adoption, indoor and outdoor technology adoption were conducted. Models I and II predicted the likelihood at indoor adoption, where the second model uses the additional variables for actual indoor consumption for 2012 and the belief of a persistent drought. Models III and IV predicted the likelihood of outdoor adoption, with the fourth model using actual outdoor consumption for 2012 and belief of a persistent drought. For outdoor water conservation, adoption was considered to have occurred if the household had adopted any of one of the following practices: the use of catch cups to audit irrigation, i.e., measure how much water has been used, measurement of how uniformly the yard is watered, the purchase of drought-tolerant lawn and/or garden plants, and/or finally the use of rain barrels and/or cistern to collect water for reuse. For the indoor water conservation dependent variable, the household was considered an adopter if it had installed any of the following technologies: low-flow or water sense labeled faucets or showerheads, ultra-low flow or water-sense toilet, and/or waterconserving or energy star certified dishwasher. Indeed, research shows that domestic watersaving devices (for example the adoption of low-flow toilets, showerheads, and faucets) and certain garden irrigation technologies reduce water consumption significantly (Renwick and Archibald, 1998; Chesnutt et al., 1992) . The logit model is defined as follows:
Where Y equals 1 if one of the conservation methods is adopted and 0 otherwise and X is the row of independent variables and  is the corresponding parameter vector of coefficients that affect the likelihood of adoption.
DATA AND RESULTS
This study used household level water indoor and outdoor conservation technique adoption data collected from 797 households in Oklahoma City Oklahoma. During December through February 2014, the "Oklahoma Household Water Conservation Preference Telephone Survey" was administered to Oklahoma City Water Utilities' customers to gather information on water conservation technology adoption and demographic statistics. From contact information provided by Oklahoma City Billing records, 3,333 valid numbers were contacted five times and of these, 2,308 declined to participate. In the end, a total of 803 surveys were completed with a final number of 797 useable surveys. The response rate was 24.09% based on contacted households. Completed surveys were then matched with consumption data from actual customer records for January 2012 -March 2014 (Xie, 2014) and mapped in a geographic information system (Arc 9) with Oklahoma County Assessor's Data for 2011 to obtain house market value, accurate house age, square footage and parcel square footage (Bryan, 2014) . In this research, a household's adoption of water conservation practices through indoor and outdoor uses was studied. For outdoor water conservation, whether a household has adopted either one of the following practices: the use of catch cups to measure how much water has been used and how uniformly the yard is watered, the purchase of drought-tolerant lawn and/or garden plants, and finally the use of rain barrels and/or cistern to collect water for reuse was evaluated. For indoor water conservation, whether a household had installed either one of the following: low-flow or water sense labeled faucets or showerheads, ultra -low flow or water-sense toilet, and finally water-conserving or energy star certified dishwasher was evaluated. Table 5 shows estimated coefficients for a logistic models using SAS 9.3. Four models were estimated; model 1 and model 3 are the reduced or basic models and models 2 and 4 are the expanded models for outdoor and indoor conservation respectively with perception of drought and actual consumption added. Table 6 shows the Odds Ratio Estimates for Models 1-4 with the level at which they were significant. Models 1 and 2 correctly predicted outdoor adoption in 79.8% and 79.9% of the cases, whereas the indoor adoption models predicted 63.3% and 64.9% respectively (Table 5) .
Outdoor Adoption (Models I -2)
For the outdoor adoption of water conservation as shown in models 1, and 2, a resident that has adopted indoor conservation methods is likely to adopt an outdoor practice (significant at the 99% confidence level in both models). In fact, a respondent that adopted an indoor practice is 5.31 and 5.41 times more likely to adopt an outdoor conservation practice than one who has not in models 1 and 2 respectively. Education at all levels above high school is significant in models 1 and 2 at the 90 to 99% confidence levels when compared to those with less than high school, the dropped variable (Table 5 ). Compared to someone without a high school degree, a respondent with some college, college graduate or advanced degree are 2.61, 3.6 and 6.69 times more likely to adopt an outdoor conservation technique respectively.
Outdoor adoption of water conservation is increasing in respondent's age and is significant at the 90% level in both models. For each year increase in respondent age, there is a 1.01 odds of adoption. . Compared to Caucasians, African Americans/Blacks respondents were less likely in both model 1 and 2 to adopt outdoor water conservation at the 90% significance level. Actually, the odds for adopting outdoor water conservation practices is 54% less for African American/Blacks compared to Caucasians. None of the other race or ethnicity variable proved significant. Yard size and house size variables were not significant, nor was market value. Those who identify lawn as predominantly Bermuda grass were more likely to adopt water conservation behaviors. In fact, those residents who have Bermuda grass on their lawn were 1.9 times more likely to adopt outdoor water conserving behavior than residents that did not have Bermuda grass. Surprisingly neither gender, nor homeownership, were significant, but the signs are as expected, i.e., we expect vested residents and men to both be more likely to adopt outdoor conservation. Income levels above $75,000 did significantly and positively affect adoption at the 99% confidence level. The odds for adopting outdoor water conserving behavior for residents with income above $75,000 compared to those with incomes below $40,000 is 1.86 times more In the expanded model for outdoor adoption, model 2, neither the belief in the likelihood of drought, nor summer consumption during summer of 2012 proved significant (Table 5) .
Indoor Adoption (Models 3-4)
Similar results to the outdoor adoption model are found for models 3 and 4 for indoor adoption as shown in Table 5 . In both the basic (model 3) and enhanced models (model 4), for all levels of education above high school, there was a significant likelihood of adoption when compared to those with less than a high school education, holding all else constant. For the basic model, homeowners were more likely to adopt indoor conservation fixtures at the 99% confidence level. In fact, the odds of adopting indoor conservation fixtures was about 1.65times higher for homeowners than for residents that were not owners; however, this variable was not significant in model 4. House age in model 3 was more likely to negatively and significantly affect adoption of fixtures which seems inconsistent with the idea of renewing old fixtures with new as a house ages, but perhaps owners of older homes do not invest in more expensive features. And income level above $75,001 per year per household is significantly more likely to adopt indoor conservation fixtures compared to households earning less than 40,000 at the 99% confidence level, but this was true only in model 4, with an odds ratio of 1.32
implying that the odds for adopting indoor conservation fixtures was 32% higher for residents with income level above $75,001 making less than $40,000.
Surprisingly, market value, house square footage, and number of individuals in the home, and winter consumption were not significant in the indoor models 3-4. None of the ethnicity or race variables were significant. The belief that there would be a prolonged drought does significantly affect the likelihood of indoor adoption in the enhanced model 4 at the 99% confidence level. In fact with an odd ratio of 1.54, residents that believed that there would be a prolonged drought were 1.54 times more likely to adopt indoor water conservation fixtures than those who did not agree.
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Notes: ***=significant at the p<0.01 level, **=significant at the p<0.05 level, *=significant at the p<0.10 level 
Conclusion
This article has focused on the determinants of household adoption of water conservation technologies and practices using demographic, house characteristics, attitudes and water consumption data gathered from Oklahoma City water utilities customers. Based on the outcomes from the logit models, we may assert that education and upper income levels are contributing factors in explaining both indoor and outdoor adoption of water conserving behavior. We have found a threshold at which the variable income leads to the adoption of water conserving behavior. Indeed, households making more than $75,000 a year were more likely to adopt indoor, as well as outdoor water conservation practices, compared to households making less than $40,000. We did not find enough evidence to support the claim that the size of the yard affects outdoor adoption of water conservation, but households that have Bermuda grass as the type of turfgrass in their lawn are more likely to adopt water conserving behavior compared to households that have other types of turfgrass in their lawn.
Many of the included assessor's characteristics such as house age, market value, and house size were insignificant in both the indoor and the outdoor adoption models, except in model 3
for indoor conservation where residents in older houses were less likely to adopt indoor fixtures. Gender, race, and ethnicity proved to be insignificant except for African American households, which were less likely to adopt outdoor conservation, and older residents which were more likely to adopt outdoor but not indoor conservation.
Attitudes and consumption only mattered for indoor adoption of fixtures, but those who adopted indoor water conserving fixtures were significantly more likely to adopt outdoor conservation measures. We could not support the claim that household's perception of increasing drought affects adoption of water conservation except for the enhanced model for indoor conservation (model 4). When adding household water consumption and the household's perception of increasing drought, the likelihood ratio test revealed that they only made a difference for indoor adoption of water conservation and not for outdoor adoption of water conservation.
Consumption variables did not have the expected effect in 2012, perhaps because rates continued to be low per 1000 gallons consumed. Our research on training residents about outdoor conservation suggests that our results for outdoor adoption make intuitive sense. The act of auditing the yard and researching plants requires thought and research on the part of the homeowner, suggesting that education and increasing access to information about consumption will aid Oklahoma City's effort for demand side management. In fact, as Sutherland (1991) noted: "Policies that encourage the dissemination of information, such as appliance labelling, may promote energy efficiency and overall economic efficiency". Indoor conservation has benefited from labelling systems such as watersense ™ labeling which is visible at the time of purchase and in advertising (EPA, 2014) . By contrast, outdoor irrigation systems with smart technology are largely installed at arm's length from the consumer.
Further research is still needed to help understand other factors that contribute to household's adoption of water conservation behavior. We believe that the more we know about household's behavior toward water conservation, the easier it would be for the Oklahoma City Water Utility using this research as a background for its decision making process to enact an effective and productive water conservation policy.
